We describe the case of a patient with a Philadelphia-positive (Ph+) acute lymphoblastic leukemia (ALL) treated with dasatinib plus steroids as the first-line therapy who achieved a molecular complete remission and then underwent a matched, unrelated donor allogeneic transplant. Five months after the transplant, he experienced a disease relapse with an T315I mutation, which was resistant to salvage
Ponatinib Induces a Persistent Molecular

Introduction
A BCR/ABL1 rearrangement derived by t(9; 22) translocation, known as Philadelphia (Ph) chromosome, occurs in almost 20-30% of adult patients with acute lymphoblastic leukemia (ALL). Treatment of Ph-positive (Ph+) ALL has dramatically changed in the last decade since the introduction of tyrosine kinase inhibitors (TKIs), which have led to a significantly improved hematologic complete response (CR) rate and disease-free survival [1] [2] [3] [4] [5] [6] [7] [8] [9] . So far, the treatment of Ph+ ALL has been based on the use of a TKI with or without chemotherapy, followed by allogeneic hematopoietic stem cell transplant (HSCT), which remains a cornerstone in the therapeutic algorithm of this disease in younger patients [1] . Despite improvements in prognosis, patients who experience a relapse after HSCT have a very poor survival rate. Since relapses in 50% of cases are due to the occurrence of some mutations able to confer resistance to imatinib and dasatinib (i.e. T315I mutation), third-generation TKIs have been developed, resulting in the approval of ponatinib by the European Medicines Agency in 2014. Ponatinib is a third-generation TKI that contains a novel triple-bond linkage that avoids the steric hindrance caused by the bulky isoleucine residue at position 315 in the T315I mutant. Several in vitro and in vivo studies have shown great efficacy of this molecule against native BCR-ABL and against all tested mutant forms of BCR-ABL (including T315I), supporting the action of ponatinib as a pan-BCR-ABL inhibitor [10, 11] . However, consistent studies of the efficacy and safety of ponatinib in Ph+ ALL patients who relapse after HSCT are so far lacking.
Case Report
We present the case of a 37-year-old man diagnosed with Ph+ ALL in May 2014. At diagnosis, the patient presented with a white blood cell count of 17 × 10 9 /l with 80% lymphoid blasts in a peripheral blood smear and severe pain due to the presence of multiple pathologic areas in the pelvic bones. A bone marrow (BM) aspiration confirmed the diagnosis, showing the presence of a B-common immunophenotype and expression of the BCR/ABL1 p190 fusion gene. Cerebrospinal fluid analysis by flow cytometry was negative for central nervous system involvement. On May 21, 2014, after 1 week of steroid pretreatment without a response, we started a 'chemo-free' induction program with dasatinib 140 mg/daily plus prednisone, associated with the intrathecal administration of methotrexate as a prophylaxis, which resulted in a rapid hematological CR and negative minimal residual disease (MRD) on day 94 as shown by molecular assessment. On September 19, 2014, the patient underwent an HSCT from a matched, unrelated donor after a myeloablative conditioning regimen that included thioTEPA, busulfan, fludarabine and antithymocyte globulin. The graft-versus-host disease (GVHD) prophylaxis consisted of the classical association of cyclosporine and methotrexate. Neither acute GVHD nor other significant clinical complications were observed after transplant and the chimerism detected on day 100 was of full-donor origin. In February 2015, the patient experienced a hematological relapse with T315I mutation. Considering the patient's severe clinical conditions, we immediately started salvage therapy with mitoxantrone and highdose cytarabine, resulting in resistant disease. For this reason and once the information about T315I was acquired, on April 15, 2015, we started ponatinib at the standard dose of 45 mg/daily. The BM restaging on days 30 and 60 showed an impressive decrease of MRD by molecular assessment (0.047 and 0%, respectively) and a fulldonor chimerism in both checks. An early grade 2 neutropenia (according to common toxicity criteria, version 4.02) was easily managed with filgrastim administration. Donor lymphocyte infusion was not performed due to donor refusal. After 1 month from starting ponatinib treatment, we observed the occurrence of a psoriasislike rash without itching on the torso and legs, initially interpreted as ponatinib skin toxicity. However, the rash showed progressive worsening until the diagnosis of extensive chronic GVHD was performed. In August, the patient started 1 mg/kg prednisone and extracorporeal photopheresis, which was continued until November, resulting in a complete regression of cutaneous GVHD. In December, we started an antifungal treatment with a standard dose of voriconazole for pulmonary aspergillosis. Ponatinib was temporarily suspended and then resumed at a daily dose of 15 mg considering the well-known interactions between azoles and TKIs on P450 cytochrome. Moreover, in January 2016, the patient experienced the occurrence of palpitations associated with bilateral leg edema. Considering the well-known cardiovascular toxicity of ponatinib, a comprehensive cardiologic and metabolic evaluation was planned: electrocardiography confirmed the presence of extrasystoles in the absence of further significant rhythm abnormalities, whereas echocardiography was negative for structural dysfunctions. From the results of blood examinations, a diagnosis of hypothyroidism in the absence of antithyroid antibodies was made. All signs and symptoms of the patients completely resolved with hormonal substitutive treatment. BM evaluations after 3, 6, 10 and 13 months (the last molecular check was in May 2016) from the start of ponatinib treatment were all MRD negative ( fig. 1 ) .
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Discussion
Here we have reported a case of early posttransplant relapsed Ph+ ALL with T315I mutation that achieved a persistent CR with negative MRD after treatment with single-agent ponatinib. There are interesting aspects to highlight from the case. First of all is the impressively fast, deep and persistent molecular response obtained by ponatinib in a patient with very little therapeutic options, even though promising results have previously been obtained by the use of blinatumomab [12] and of chimeric antigen receptor T cells [13] . Our case suggests for the first time that ponatinib treatment could also be effective in this challenging population of patients with an early T315I-positive and chemoresistant relapse after HSCT. However, further studies are warranted to confirm this finding. A second aspect is that the efficacy of ponatinib treatment could be related not only to a direct antileukemic effect, but also to its ability to promote an indirect immunologic graft-versus-leukemia (GVL) effect. In fact, our patient experienced a skin GVHD only after starting ponatinib treatment, whereas no occurrence of GVHD was observed after the transplant. In addition, side effects of ponatinib could be related not only to off-target action on kinases, but also to an immunomodulation, as suggested by the frequent observation of skin reactions during treatment. We could hypothesize that ponatinib induced a GVHD/GVL in our patient, considering that he did not experience a GVHD after transplant. However, the mechanism by which this effect occurs is absolutely unclear and there are no data in the medical literature relating to this interesting issue. However, we know from registered studies that the approved daily dose of 45 mg of ponatinib largely exceeds the pharmacokinetic requirements for inhibiting T315I ABL and suppressing the growth of other mutant clones [14] . This aspect could be supported by the persistent molecular remission observed in our patient, also during the drug reduction to a daily dose of 15 mg. Therefore, we could hypothesize that the unexpected GVHD/GVL is the result of an 'off-target' effect due to the overexposure to ponatinib. Finally, our case shows that a comprehensive evaluation of adverse events during ponatinib treatment is highly recommended. Our patient presented cardiologic toxicity not directly related to the well-known thromboembolic risk of ponatinib administration [15] , but to a thyroid dysfunction. A thyroid dysfunction is a common adverse event described during the treatment of chronic myeloid leukemia with second-generation TKIs [16] , and registered studies report a thyroid dysfunction in about 3% of patients treated with ponatinib. However, the pathophysiologic mechanism remains elusive. In conclusion, our case shows that single-agent ponatinib was highly effective in the treatment of a patient with Ph+ ALL with early relapse after HSCT, suggesting significant antileukemic action achieved by directly overcoming the resistance induced by the T315I mutation and indirectly inducing a GVL effect. Ponatinib treatment is considered safe overall but a careful evaluation of adverse events is required.
